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ABSTRACT: Objective To investigate the virulence gene distribution and genetic correlation of Campylobacter
isolates from different links in broiler slaughter chain in Jiangsu Province. Methods Ten kinds of pathogenic
virulence genes of 96 strains of Campylobacter isolated from different links of broiler slaughtering process were
detected by polymerase chain reaction (PCR) with specific primers, the molecular typing of these isolates was
investigated by multilocus sequence typing (MLST), the allelic values, sequence types (STs) and clonal complexes of

each strain were obtained by comparing with the MLST database of Campylobacter. Results Among the 96 strains
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of isolates, the carrying rates of virulence genes flaA. cadF and cdtB were 100%, followed by the virulence genes

cdtC.iam and cdtA, the carrying rates were higher, which of 96.9%, 86.5% and 84.4%, respectively, the carrying rates

of flhA ., virB11, ciaB were low, which of 25.0% . 15.6% . 11.5%, respectively. The gene wlaN resulting in an increased

risk for Guillain-Barré syndrome in patients was not detected in all strains. MLST genotyping showed that a total of

10 STs, including 2 novel STs, were observed from the 96 strains of isolates, 1 kinds of dominant clonal complex

CC828 (56 strains) and 4 kinds of undefined clonal complexes were formed, showing low genetic diversity.

Conclusion The virulence genes of Campylobacter isolates are widely distributed in the broiler slaughter chain, and

the genetic diversities of Campylobacter isolates at different stages are low, indicating that there is

cross-contamination of Campylobacter in broiler slaughter chain.

KEY WORDS: broiler slaughter chain; Campylobacter; virulence genes; multilocus sequence typing

0 51 &
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TURPRCNIETS | IEAREEE | Wk J R besE, REEEHT L
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PRTF CCDA Al 42 °CHlTR A% 36 h e, #53 MHA AL
B SYETHEAR BRI ), 42 °CRiTT A% 3% 36 h JE kI
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IR IRANTA SE 20 DNA SR A R BRI th g 5L
2 DNA, 2EUSRYFEF L] DNA & T-20 °CIRF#% .

122 FhAREN

S HESCH 55 B 10 ST A A7 7156 PCR 455k
Gl SIS H B R BRI IR GRS LR
1, PCR iR ZH: 20 uL WK ZR, Premix Ex Taq 12.5 plL,
E #5144 1 L (10 pmol/L), JLPHZH DNA 1 pL, Joid
FBTFIK 9.5 uL, PCR SR &40: 95 °CHiZEM: 1 min;
95 °C7EHE 30's, 1B K 1 min, 72 °CZEfH 1 min, 3£ 30 MFFF;
72 °CHEAH 10 min, 4 °C{#47 . PCR £ 35 HL 5 uL PCR 724
AT 12%B A B e e ok
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Table 1 Primer sequences for the detection of Campylobacter virulence genes
FE B FIHIFEH(5™-3") Ji BER/Mbp BAGRE/C 275 SCHk
F: TTGAAGGTAATTTAGATAT
cadF 400 45 [11]
R: CTAATACCTAAAGTTGAAAC
F: GAACAGGAAGTGGAAAAACTAGC
VirB11 708 55 [12]
R: TTCCGCATTGGGCTATATG
F: GCGCAAAATATTATCACCC
iam 518 55 [13]
R: TTCACGACTACTATGCGG
F: TGCTGGGTATACAAAGGTTGTG
wlaN 330 56 [14]
R: AATTTTGGATATGGGTGGGG
F: GGAAGCGGCACTTGGTTTGC
flhA 735 54 [14]
R: GCTGTGAGTGAGATTATAGCAGC
F: AATAAAAATGCTGATAAAACAGGTG
flaA 855 53 [15]
R: TACCGAACCAATGTCTGCTCTGATT
F: TTTTTATCAGTCCTTA
ciaB 986 42 [15]
R: TTTCGGTATCATTAGC
F: GGAAATTGGATTTGGGGCTATACT
cdtA 165 42 [16]
R: ATCACAAGGATAATGGACAAT
F: GTTAAAATCCCCTGCTATCAACCA
cdtB 495 42 [16]
R: GTTGGCAGTTGGAATTTGCAAGGC
F: TGGATGATAGCAGGGGATTTTAAC
cdtC 555 42 [16]

R: TTGCACATAACCAAAAGGAAG

1.2.3 MLST o %!

ZWESCHREE A5 il # MLST 22 7 M RN
aspA., gInA, gltA . glyA . pgm, tkt T uncA, HRHEEEZE (http:
//pubmlst.org/campylobacter) 4 8 F 1425 1725 fH 1 A 25
25 B Y8R S B0k MLST 23617, 50 pL Rk
#:25 uL Premix Ex Taq. [ F¥#5141(10 pmol/L)4% 2 pL.
A DNA 2 uL TG £ B F7K 19 pLoPCR JZ b #5544 94 °C
AP 3 min; 94 °C7AE: 30 s, 53 °CiB k 30 s, 72 °CHE{H
2 min, 30 MEIFPCR P22 1%3r IR MEE L LUK I, F
BOR/NG T — 35 H A P — S AR Ak & i A TR
P TARAT RS Wl . ] BioEdit Xl 4% e kAT 37 1) 4%

I SHRUEF I LLRT, SR )54 7 5148284 M 1A MLST £
VB, AR A5 TRk i Xk L 14 4% S5 0L A RT3, A o HLT 1)
1Y, MEGA-X Xt HJF 51347 LbXT, H)H Neighbor-joining
IR R T, 208 BAR AR EOC R

2 HER5SH

21 BHERERMNER

1E 96 ¥Ry BTk, flaA. cadF Fil cdtB 3L 2l
W OLANEE SRR, RS R 100%, LYK SR
J& cdtC. iam Al cdtA FEH, 530 96.9% . 86.5%F1 84.4%,
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AN 3 ANEES1EEE fInA . virB11, ciaB # HZR R, 435
N 25.0%. 15.6%. 11.5%. A&HR-ELFIZEARE M 8 7 LA
wlaN 7e Fr A B bk ¥ 0K H, X5 KHOSHBAKHT 251181
ST S (0B B3 PR R RS it T TP O 82.20% A RS N —
B, IR 010 2 57 7T R A B R 1) b X 3 B PRI R 17
LMY, iam. fIhA, ciaB F cdtA 7E25 1725 i
TR AN ZE i 25 o A v ARG Hh R 2 SRR, T virBAL SR 7E R
Pl BOAG: H 2RI 3, (45 7S I R4S R RS R TS s
Hed, Sk 18.2%( 1), Frfa MERER & 4 FlL A i w5
F1FEM

= C. jejuni
C. coli

0
flaA cadF virB11 iam flhA ciaB cdtA cdtB cdtC wlaN
IR

IR T F A B v ok S

Fig.l Presences of pathogenic genes in Campylobacter isolates
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BN LRI 2, 96 ¥R I 4 B T k3L
Rl 0 AMERY, Hoag LR B2 R EOR, s
6 f K LA BRI B TR 5 96.9% (93 #E). #E 1 EEEITE
g cadF-flaA-iam-cdtA -cdtB-cdtC BYZF & 5 60.4% (58 #£),
AWK EE IS . A 2 BRQ1%) S &
8 FhEp I BRI AL, ML R AR AT LA, Ko
RS A AN B R AR SCIER cdt K BEMHR BT cadF .
flaA Fll iam, R PR B S PR B 1R 3 B R A R Y
TBESORTE, 5 BAT %P 5 R —3.

*2 THESBEKRSNERIERELM
Table 2 Virulence gene profiles of Campylobacter isolates and
their proportion

2.3 MLST H&i%E

MLST 43 RIZ5 B R, 96 ¥R 435 R T 434 10 4K ]
B STs, Hif 2 AN HTFEFIEL, Bk 2 437 STs 4b, 4 4~ STs
BT CC828 WL A, Hoh 4 NMETRE N HELES
. B2k 7 AMER AL PCR P I645 5. 3 3 al 4,
ST-860 Fll ST-6186 A~ JB I T AILH STs, FREIHE b
O3S TR S50 D RE A3 B R MR AEZEAH ] STs, 96 FRE PR
PR AR 5t 15 2o R, W5l R PR XS A 7 A [ i
W B AS R AFAEAE XI55 . RAMIRES 2525 170743
T BOR R T B — SR E 775 Y 1) A5 i B AT o B PRI X S
B BE A AR AR ARG I L BOUK SIS TR S K R, 5
ARG IR TTAEAERF] STs A4S KA

Kb TR A B TR Z R s &R, K%
2507 B B AR T 51 IR aspA-gInA-gItA-glyA-pgm-tkt-uncA
HONF DR 2 s i d RT3 Fl STs, ARBELLXS, HkH
HRG LB, i MEGA-X XFH 55147 H X 5
Neighbor-joining ML ARG &k B, 455 WE 3 Fin. AE 3
AR BT AT, BT A3 2 5, SR S R 4 B STs,
& TRl — TR A A R R R LA A (s A AR DG

M 1 2 3 4 5 6 7

2000 bp

1000 bp
750 bp
500 bp

1:: M i DL 2000 Marker; 1~7 435125 aspA. gInA. gltA. glyA.
pgm. tkt. uncA.
K2 7 AN PCR 4 4S
Fig.2 PCR amplification results of 7 housekeeping genes

*3 LEESBEEK MLST 4R

EVAE- SN HREL (S /%) Table 3 MLST results of all Campylobacter isolates
cadF-flaA-cdtB-cdtC 1(1.0) BRI IR STs R AR HR S

cadF-flaA-flhA-cdtB-cdtC 2(2.1) 8089 UA 3

cadF-flaA-flhA-ciaB-cdtB-cdtC 10 (10.4) 6186 UA 1
5 A A

cadF-flaA-flhA-iam-cdtB-cdtC 1(1.0) 5511 UA 1

cadF-flaA-iam-cdtA-cdtB-cdtC 58 (60.4) 860 828 3

cadF-flaA-flhA-iam-ciaB-cdtB-cdtC 1(1.0) 8089 UA 4

cadF-flaA-flnA-iam-cdtA-cdtB-cdtC 8(8.3) 6186 UA 5
i i M A%

cadF-flaA-iam-virB11-cdtA-cdtB-cdtC 13 (13.5) 860 828 7

cadF-flaA-iam-virB11-flhA-cdtA-cdtB-cdtC 2(2.1) 830 828 1
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8089 UA 2 HAEAERNGAETHSIHREPW T Z2HFAE, X5
6186 UA 3 GARCIA-SANCHEZ “1fl FRAZAO 2 il su s F—
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8089 UA 1 L, (AAT 5T 22 B P XS B S R A A 2 i T 4 S
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N 8089 UA 3 T E I, U R EEE (cdt) . bR M ARG
AL, 6186 UA 2 FE[H (ciaB) Al racR LIS AR 45 iR, iam flhA  ciaB
. 8089 UA 2 A1 cdtA AE2s I i A AMZs S i TP R R 2 RER, &8
R ACHE 860 28 | W25 i A cialB Ak h e T4 S 55—
872 828 2 AHOCHER (lam)AES5 s it v P ks oK s T I 2 il i, X
(Tl 860 828 6 —GE A S 4 AR — B AN 32 8 RN R
825 828 2 HIRZMN, RERE B 1 B R AR AN S i PR A S Bom  E

L 872 828 4 Febds, (HENTHATE A2 R A TR XU o
BEAIT 860 28 2 BIRR SN T LB TIPS . SRS, )%tk A
G Y OGRS AR P T A s A D, X
56 ST-830 96 MO BB RIS T MLST 2034347, 255 /R [R— ST 4344
ST-newl TR R ARG i B 40 5 TR bk, R I RN g S 2 4
ST-860 R A U PR R, FLBREERE R I 1
- srey  VRERUIS B ST 50, RVIRE R
_ ST6186 BRI AT R TR . BRUE NG L MU A5 ST S 5 e,
30 ST-5511 B S kK ot 25 il Bt BB A7 5 I F4% 76 . ROSSLER %517
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Fig.3 Phylogenetic tree of C.coli constructed by MLST
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